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• WE HAVE RECEIVED lately a 
number of inquiries about the meaniiiji's 
of su<*h terms as ^^series eapacitanee,” 
"parallel eaparilanee,” "series resistanc-e," 
"parallel resistance," etc., as they are used 
in instruction books for (reneral Radio 
bridges. Although most engineers think in 
terms of the series components of ini))<Ml- 
ance. many tyjK‘s of problems, particularly 
those involving vacuum tubt'S, arc more 
simply handled in terms of the parallel components. (Certain briclge 
circuits give directly the series components of an impedance, while 
others can be arranged to give the parallel comj)onents, the choice 
de|K*nding on the intended application. Dis<'ussion of the relationship 
between the series and parallel com|M>nents, however, seldom apj^ears 
in the elemental^' textIxMiks. 

That any impetlance can l»e represented both ways is clear from the 
fact that measimunents on it at a single fre<|uency can iletermine onlv 
the rtdationship l)etween the voltage across the im|K*dance and the 
in-phas4* and quadrature components of the curnMil flowing through it. 
Stated in terms of |>4>wer engine<*ring, a circuit element draws a certain 
amount of j>ower at a particidar value of power factor, and these two 
quantities completely define the effective iiufjcdaiwe of the element for 
the conditions applying. It is sometimes convenient to represtnU the 
imjiedance as a pure resistance in series with a pure reactance, but it 
is very often more convenient 
to consifler it as made up of 
a ilifferent value of resistance 
in parallel with a reactance. 


Fi<;i'Rk I. Fxamplrs of c<{tiivalent 
s<Ti#M ami purallri rirrtiits. 
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1'Ih* IHO represen la lions, however, an* 
ooniplelely equivalenl ainl eillier pair of 
romjK>nenl6 <*an Ik* simply <lelerniine<l in 
lerms of I he oilier pair. 

For example il will lie seen thal, in 
ihree <*ases shown in Figure 1, ihe 6rsl 
t'onfigiiralion of scries elemenls would 
draw I he same current, both in phase 
and magnitude as the second configura¬ 
tion, consisting of resistive and reactive 
elements in parallel. The two arrange¬ 
ments of each case are imlistinguishahle 
from each other by measurements made 
at their terminals at a fixed frequency. 

The general rt*lalionship between the 
elements of the series and parallel ar¬ 
rangements can be simply found by 
equating the curn*nt drawn in the two 
castes. 


*■ = H , - v = 77 + ^ 

when* Rf ami X, are the series com- 
[Mmenls and Rp and Xp arc the parallel 
coni{K)nents. Rationalizing and equating 
the real ami imaginary terms, 

R. 

Ri + X; Kp 

or 

-V. 

+ X; 

or 



The quantity Xs/ Rg the familiar Q 
or storage factor of an inductor or capac¬ 
itor, and its reciprocal is the dissipation 
factor /), more frequency employed in 
des<.*ribing the losst^s in capacitors. Sub¬ 
stituting thesf* ipiantilies in Ktpiations 
(2) and (3), 



«p=/<«(!+C>-) = «,(i + (i; 

.\„ = ^1 + \,(l + D“) (3) 


Then* ecjualions give the parallel 
conifKinents of impedance directly in 
lerms of the stories conqionenls. I’lu* 
rt'lationships. however, serve equally well 
when the series components an* required 
and the parallel coiiqM)nenls an* given. 
lK*cause the quantity Q or D can Ik* 
determined directly fn)m either the 
series or parallel components. ITivi^ling 

(1) by (5), 

J 

x^ X. ^ X, />"’ 


or 



Xp 




so that (J can 1 r* determined immedi¬ 
ately, whichever com|Mmenls are given, 
ami used in Equations (i) and (5) to 
obtain the other components. A further 
simplification is that only one of the two 
Equations (4) and (5) need Ik* employed 
with (6) to make the complete transfor¬ 
mation. The three steps in each case are 
as follows: 


Gitvn Rg and X, 
(1) (> = 


R. 


(2) Rp = 7^,(1 -f Q-) 

(3) X, = ^ 


Giren Kp and Xp 


«» 


(1) Q = ^ 

A;, 

Kp 


(3) .Y. = K,Q 


if it is preferred to work in terms of 
dissipation factor the corrt'sponding 
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steps arc: 

Given /?, ami Xg 

(1) /> = Y 

A* 


+753) 


(3) .\„ = RJ) 


Given Rp and Xp 


'"t 


( 2 ) «,= 


1 

1 + p 




It is seen that use of Q or /), which are 
associated with ecpial simplicity with 
either the series or parallel components, 
"reatly facilitates the transfonnalion. 
Shice (6) is readily home in mind, the 
only relation that need l>e rememliered 
is that, as seen from (4), the ratio be¬ 
tween the parallel and series resistances 
is the <|uantity 1 -f Q“^ it should he 
noted that the parallel resistance and 
parallel reactance are always greater 
than the corresponding series compo¬ 
nents. It is obvious that for large Q the 
series resistance must be small compared 
with the series reactance, but the parallel 
resistance must be large compared with 
the parallel reactance. 

One of the simplest examples of the 
utility of the parallel impedance com- 
|K>nents is in parallel resonant circuits 
where the coil losses are high. It will be 
seen in Figure 2 that parallel resonance 



Fici'BE 2. Scricrt ami parallel resuiiant cir¬ 
cuit. The capacitance necessary to resonate 
with a given inductance will depend upon 
whether the elements are connected in series 
or in parallel. 

occurs when the condenser reactance is 
exactly equal to the parallel reactance of 
the inductor, regardless of the coil losses. 
If the tuning capacitance for parallel 
resonance is determined from the series 
components of the coil im^H'dance, on 
the other haiul, the required value 
dejKjnds both on the resistance and on 
the reactance. In the series circuit the 
op[)osile applies and resonance occurs 
w hen the condenst‘r reactance is exactly 
ecpial to the series reactance of the 
inductor. Where the (>of the coil is high, 
the difference between its series and 
parallel reactance is negligible in ordinary 
applications. Even with a ^ of 10 the 
difference is only one fier cent. Rut for 
lower values of Q the difference rapidly 
increases. The parallel reactance of an 
inductor with a ^ of 1 is tw ice the series 
reactance, so that only half the capaci¬ 
tance is requirt'd to tune it to resonance 
in a parallel circuit as in a series circuit. 

— W. N. Tlttlk 
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HEAT DISSIPATION FROM CABINETS 

FOR ELECTRICAL INSTRUMENTS ^ 


• IN SELECTING THE TYPE of 

rabinet conslniotion lo b« iiseiJ in a par¬ 
ticular instrument design, performance 
considerations are generally thought to 
dictate such matters as shielding require¬ 
ments and anti-vibration treatment, 
wlien'as the importance of aesthetic 
apjieal, portability, compactness and 
cost is evaluated in terms of customer 
demand. The fact that practically all 
instruments, at least those using va<*uum 
tubes, dissipate a certain amount of heat 
is not only a design problem that is often 
neglecte<l in the first draft of an instru¬ 
ment, hut may he the limitation on both 
the quality of shielding, if ventilation is 
necessary, and the minimum practical 
size to which a unit can he built. Taking 
account of the heating immediately 
rais<*s the problems of what is an allow ¬ 
able maximum operating temperature, 
and how to predict the dissipation ca¬ 
pacity of a cabinet of given <’onstruction 
and size. 

Although the highest ambient tem- 
j>erature expected in the field of applica¬ 
tion generally determines the criterion 
for temperature rise, the hot spot tem- 
|>erature is the limiting factor where the 
deterioration of components is con¬ 
cerned, and the average temperatuie 
rise is restricted by precise circuit ele¬ 
ments when temperature coefficients 
obtain. Taking 50° C (122° F) as the 
maximum ambient at which a labora¬ 
tory instrument is likely to be used, we 
find that for most circuits a 40° C rise 
for the hot spot and a 20° C rise for the 
maximum air temperature give conserv¬ 
ative operating conditions. 

Not only are the thermal conditions 
existing in even an idealized cabinet so 


complicated as to defy analysis, but they 
are widely different from those met in 
an actual instrument, so that the exact 
physical analysis, if it were available, 
would be impractical to apply to a 
specific design. A general understanding 
of the physical phenomena involved is, 
however, helpful in suggesting methods 
of improving the heat dissipation of a 
cabinet. 

If we examine the three possible 
methods for heat to escape from an un- 
ventilated box containing tbe usual 
complement of vacuum tubes and trans¬ 
formers, it becomes evident that con¬ 
duction accounts for most of the heat 
loss and that convection and radiation 
are small factors, because of the low 
temperatures of the walls. Heat coming 
from the air inside must have a tein|)er- 
ature drop to push it through the cabi¬ 
net wall as well as through the air films 
immediately inside and outside of the 
wall. The resistance to heat flow of a 
metal w all is negligible in comparison to 
that of these air films, although a thick 
wood or fabric covered wood w all has a 
resistance comparable to that of one of 
the air films. An appreciable proportion 
of the heat is usually generated at high 
temperatures, and its transfer to the 
inside surface of the case is therefore by 
radiation, so that the more closely the 
inside of the case resembles a black body 
the better will it lie. In spite of the fact 
that the absorption of radiant energy' 
raises the temperature of the inside sur¬ 
face of the case and thus reduces the 
femperature difference that drives tbe 
heat through the inside air film, the net 
effect is to increase the heat flow by 
raising the outside surface temperature. 
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Even at the lo\\ temperatures that are 
satisfactory' for the outside surface of a 
cabinet, a small gain in lieat dissipation 
results from improving the radiation 
efficiency of the outside surface. In 
short, a metal case with dull black finish 
inside and outside is th«‘ most efficient 
for this class of electrical equipment. 

Expc'rimental evidence indicates that 
in cabinets of 100 square inches or larger 
the heat dissipation capacity at a given 
tenqierature is proportional to the area. 
The following table shows clearly the 
effect mentioned al>ove of the various 
finishes and - materials used in conven¬ 
tional cabinet construction, and these 
data give a means of making sufficiently 
accurate calculations to lie useful as u 
design tool provided wide departure's 
from the average conditions stated are 
not encountered. 

Panels metal and vertical. 

Ileal sources distributed. 

Maximum air tenq>eratim* rise = 

20° C 

Maximum hot s|M>t leiiqieralure ris<* 

* 40° C 

P = U 

P = Allowable jMiwer ilissipation, 
watts. 

k = Empirical constant, 
watts/squan* inch. 

.4 = Area, square inches. 

AN ENGINEERI 
TO TROUT 

• UNDER THE TITLE "Busman's 
Holiday*' we mentioned in our Seplem- 
lier, 1945, issue the measurements made 
by Mr. Robert F. Field of the (General 
Radio engineering stall on water deplh 
and leraperalure in Lake Wimiej)esau- 


Type of Construction k 

A I U m i n U in . panel ami t»nx uniinihlictl. O.O-i 

Aluminum, ouUide of panel and inside 

and outBide of 1h>x painted black. O.OH 

Airplane Luggage, thick plywood, 

black fabric lined and covered. O.O.S 

Airplane Luggage, thick pivwtMMi, 

0.005' copper linefl, black fabric 
covered. O.Ot 

Airplane Luggage, thick plywood. 

0.005' cop|»cr lined, lining painted 

black, black fabric covered. 0.05 

Walnut, thick. 0.05 

Walnut, 3-^' thick, 0.005' copper lined. 0.03 

Walnut, 1^' thick, 0.00.5' copper Uium^I, 

lining painted black. 0.06 

Relay Rack, outride of panel painted 

black, box nickel plated. 0.04 

Relay Rack, outside of panel and inside 
of 1 h)X paint(‘d black, outside of box 
nickel plateil. 0.05 

Relay Rack, outside of panel, and in¬ 
side and outride of box painted black. 0.07 


The design engineer is generally con¬ 
fronted with one of two problems, eitlier 
the size of a unit is fixed, and the ques¬ 
tion is whether ventilation will U* re- 
quireii or not, or the size is not yet 
determined, and a decision must Ik* 
made as to whet Iter the physical size of 
the circuit comfK>nents or the lieat dissi¬ 
pation capacity of tin* cabinet will limit 
iIr* minimum size. The empirical metlKul 
will invariably be used to determine the 
final solution to these pmblenis, but 
much effort can be .saved by a pndiiiii- 
riarx' calculation. 

— If. C. Littlejohn 

NG APPROACH 
FISHING 

kee. Apparently tlK're are a few engineers 
who like to s|Rnd their leisure lioiirs in 
the highly optimistic pursuit known as 
angling, and some interest has Ir'cii 
expn^ssed by them in a nion* detailed 
statement of Mr. Field's investigation. 
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'rh« pnijecl liad two iiiidr Hying 
motives, one eeonomic, the other wicn- 
tific. Fnnii tlie. economir vicu jioint it 
was desirable to find where the tront 
were in siiininer in order to increase the 
|»n)tein content of the family food supply ; 
the scientific objective was to establish 
a ndationship In'tween water depth and 
lem|M‘raliire, and to fiml the decjiest 
spot in the lake. Both objectives, we an* 
happy to n*|»ort, were attained. 

That excellent fish, the lake trout, 
abhors wann water. Consequently, when 
summer comes and the water at the lake 
surface and in shallow areas n*aches 
temjM*ralim*s of 70 to 80 flegn‘es Fahren¬ 
heit, he lM*ats a hasty retn*at to the deep 
water, when* more comfortahle tem|jera- 
tun*8 can 1 m* found. At any lake, the old 
timers eagerly |M>inl out where the deep 
S(K>ts are located. Unfortunately, their 
stories seldom agn‘e closely enough to 
|N*rniit the fishennan to troll thnmgh 
the exact s|N)t and pull in the trout. At 
times, the stories follow a pattern and 
an* ohvhiiisly folklore. At others, a com¬ 
parison of data from flin*en*nt sources 

pnMiuces m<»n* than a suspicion of 

organi/f*d (*onspiracy to suppress llu* 

true facts. Vn objective investigation, 
however, will invariahiv settle the 

matter. 

The necessary equipment consisted of 


a boat, a muiinium-n*ading thermometer 
and a line marked at lO.foot intcrv'als. 

In the aciompanying plot are shown 
the results of the investigation. For the 
first 30 feet of depth, the tenqieratun* 
de|M*nds iqnm the time of day' and u(K>n 
such factors as the weather for the 
previous several days. The two up|M*r 
curves show' the diffen'iice lM*tween late 
afternoon and the following inoming. 
and the lowest curve is the result of 
several days of c«Md. rainy weather. 
Below tliese surfa«*e tlinen*nces, the 
ultimate depth iloes not affect the 
tem[M*rature-<lepth ndationship until a 
dO-foot depth is rea<*hed. At greater 
<leplhs, the data follow two well- 
defined curves. 'Fhe up|M*r curve is for 
ultimate depths of about KX) feet or less 
and a minimum teni|M?rature of about 
SO degrees. ^ hen the ultimate depth is 
anmnd 150 feel, the tem|M*rature Im*Iow 
00 feet drops to 11 degrees ami stays 
constant thereafter. 'I'lie ll-ilegree water 
is where* the lake trout are found, d'his 
tem|K*ratun* is clow* to the theoretical 
value of .30,2 degn*es when* water has 
its maximum densil\. 

From the plot, it is eviilenl that, if 
the tem|>eratun* readings fall along the 
up|M*r curve, no dl-elegree water (and no 
trout) will Im* found at that spot. If tin* 
n*adings follow the lower <*urve, how- 



3'i*ni|MTalure of water as a 
function of depth. Near 
the surface, the tempera¬ 
ture depends upon the 
time of day and the 
weather for the preceding 
several hours, anti the 
three branches of thecur>'e 
illustrate the difTcrenees 
encountered. At depths 
lielow alnuit 40 feet the 
curve has two brar"'^, 
one for ultimate dep. >f 
about lOd feet, the other 
for ultimate depths of I6t) 
feet or more. 
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«*vor, a (let'p an*a at drptlis up to 150 
f«*el or more is imIicateO. It should be 
noted that 41-degree water is |K>ssible at 
ultimate depths less than ISO feet if the 
spot Ls spring fed. From the lisbermau'’8 
view|>oint, this is quite satisfaetory, 
sinee temf>erature, rather than depth, is 


his primary eoneern. 

In summary, it can he said that the 
results were emiiienlly satisfai'torv. In 
the deep S|K>t8 located, lake trout were 
plentiful, anil a 159-foot depth was 
determined to Im* the maximum in that 
part of the lake covered by the survey. 
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• DURING THE WAR the loa<l 

on the American industrial machine was 
enormous — hut it didn't break down; 
it delivered about what was expected of 
it. In our own small corner of industry 
we were no exception. The requirements 
of our Armed Serv ices and of our Allies 
for our regular catalog [iroducts grew 
beyond anything that had ever lieen 
estimated, anil kept right on growing. 
On top of this we were called iqion to 
produce to government specifications 
large nuiidH‘rs of complicated and still 
classified measuring equipment which 
was as precise as the best laboratory 
types. 

We regularly manufacture a variety of 
test equipment and precision comjKJ- 
neuts with almost two hundred different 
ty|K* listings in our pn^simt catalog. Most 
of thesi* jiroducts are made in relatively 
small quantities even under wartime 
conditions, but they generally arc im¬ 
portant pn)duction tools or components 
of other electronic equipment; thus the 
demand was most urgent. We were 
uniquely in a [K>sition to build some of 
them, having the facilities, the machines, 
the skilled man|M>wer (although badly 
nMliiced by the draft), and the rt*qui.site 
engineering exjierience. 

45) {Hermit concentration of all our 
cflbrl u|>on the making of these products 


we released, on our own initiative, com¬ 
plete drawings and all technical infor¬ 
mation in our |K)ssession for a great 
many of our other products to other 
manufacturers who took on the task of 
making them under their own separate 
contracts with the C»ovemment to help 
fill the urgent war needs of the moment. 

In most casi‘s the new maniifacturi'rs 
tiH)k hold and did an outstanding pro¬ 
duction job. In some instances they had 
little previous exja^rience with this class 
of manufactim* wbich makes their 
achievement even rnon* impressive. 

There was and is no connection be¬ 
tween these organizations and the 
General Radio Company, not even to 
the extent of royally payments. We de¬ 
livered the manufacturing and engineer¬ 
ing details at no charge and collected no 
royalties— the only considerations were 
that the production be for direct war 
purjKTses and that the. manufacture 
would cease at the end of the war 
emergency. 

In many ways these contacts wen* a 
pleasant and useful ex|M‘rience for us. 
We got to know better manv members 
of our own and allied industries and we 
discovered, by attempting to explain 
them, some of the weaknessi's in our own 
designs which has hel|ied us with new 
designs. 
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Atiion^ the eompanies with whom we worked and our |>n>duetB with which they 
were coneemed are: 




Automatic Signal Corp., So. Norwalk, Conn. 

W . . Ho(*a Coin|tuny, Dayton, Ohio ....... 

Hond’llalHtead, Inc., Wilmington, Delaware .... 

Kaatern Company, Cambridge, Mai»8acliii»etU . . . 

Hugh H. Kby, Inc., Philadelphia, Pennsylvania . . 

Federal .Manufacturing & Engineering Company, 
Knioklyn, New York. 

Florida Aircraft Company, Fort Lauderdale, Florida 
Freed Radio (Corporation, N’ew York City . . ♦ , . 
(general Cfuiimunications Company, Boaton, Mbhh. . 

M and Z IiiduHtrial Development CCo., Bayonne, N. J. 
TTie Muter Company, Chicago, Illinois. 

.National Electrical Machine Sliops, Watthington, D. C. 

Frank Ueiber, Inc., Los Angeles, California. 

Stoddart Aircraft Radio Company, Loa Angeles, Cal. 


Licinite Company, Newtonville, .Massachusetts . . . 


Type 572-B Microphone Hummer 

Type 583-A Output Power Meter 
Type 578-B Shielded Transformer 

Type 380.P3 Switch 

Type 487*A Megohmmeter 

Terminals 


Type 804>C Standard>Sigual Generator 
Type 60S-B Standard-Signal Generator 

Type 774 Plugs and Patch Cords 

Type 568 Condenser 

Type 834-B Electronic Fr€H|ucncy Meter 
Type P-196 Electronic Frequency Meter 

Type 434-B Audio-Frc<jueucy Meter 

Types 214, 314, 371, 471 and 433 
Rbeos t a t-Poten t iome ters 

Type 774-YB Terminal Units 

Type 80-1-C U-H-F Signal Generator 

Type 714-A .Amplifier 
Type 672-A Power Supply 
Type 673-A Power Supply 

Plugs and Dials 
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